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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Medical adhesives are widely used in surgical
dentistry, including for covering donor sites after free gingival
graft harvesting. However, their cytotoxic properties and effects
on tissue proliferative activity remain a topic of scientific debate.

Objective: To evaluate the effects of various adhesive
compositions on the proliferative activity of human oral mucosa
stromal cells using Ki-67 staining, and to analyze apoptotic and
necrotic changes.

Materials and Methods: Three types of medical adhesives
were investigated: feracryl-based (Hemocompact), domestic
cyanoacrylate (Sulfacrylate), and imported cyanoacrylate (His-
toacryl). Adhesives were applied to sterile polycarboxylate
plates seeded with human stromal cells. After 24-48 hours of
incubation, morphological evaluation, apoptosis and necrosis
analysis using Annexin V-FITC/PI, and Ki-67 expression
analysis by flow cytometry were per-formed. Statistical analysis
included ANOVA and Tukey’s post hoc test (p<0.05).

Results: Feracryl samples showed the highest cytotoxicity:
elevated necrosis (16.65%) and reduced Ki-67 expression
(p<0.001). Cyanoacrylate-based adhesives showed better
biocompatibility: Histoacryl demonstrated the lowest necrosis
rate and best cell morphology preservation. Both null hypotheses
were rejected.

Conclusion: Cyanoacrylate-based adhesives, especially
imported ones, are safer for use in areas with high regenerative
activity. Feracryl-based adhesives are limited due to their
significant cytotoxicity. The findings support the use of specific
adhesives as wound coverings for donor sites after soft tissue
graft harvesting.

Key words. Ki-67, medical adhesives, stromal cells, apoptosis,
proliferation, cytotoxicity, flow cytometry.

Introduction.

In modern dental surgery, medical adhesives have gained
widespread popularity due to their ease of use, hemostatic
properties, and ability to accelerate tissue healing. However,
despite the wide variety of available adhesive compositions
and their extensive clinical application, the degree of their
cytotoxicity remains a subject of scientific debate. The literature
describes both positive and negative effects of cyanoacrylate-
based and other adhesive components, highlight-ing the need
for further in vitro investigations to assess their biocompatibility
and safety [1,2].

One of the common clinical scenarios in which medical
adhesives are applied is their use as a protective covering for
the palatal donor site after harvesting a free gingival graft. This
procedure requires a high degree of regenerative capacity of
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the oral mucosa; therefore, evaluating the adhesive’s effect on
tissue cells becomes critically important. Impairment of cell
proliferation, induction of apoptosis, or the development of
necrosis can significantly affect the timing and quality of wound
healing and, in some cases, lead to postoperative complications
[3.4].

To assess the safety and biocompatibility of adhesive
materials, it is essential to employ mod-ern molecular and
biological approaches, one of which involves analyzing cellular
proliferative activity. The Ki-67 marker is a nuclear antigen
expressed during the active phases of the cell cycle and is
widely recognized as a standard indicator of cell proliferation.
Simultaneously, the evaluation of apoptotic and necrotic
changes provides insight into the potential toxicity of materials
and the mechanisms of cell death [5,6].

In experimental settings, the use of primary cultures of human
oral mucosal stromal cells is of particular value, as these are the
first cells to come into contact with adhesive materials in actual
clinical scenarios. The application of flow cytometry, which
enables quantitative assessment of Ki-67 expression, apoptosis,
and necrosis levels, ensures a high degree of reliability in the
obtained data [7,8].

Objective: To determine the proliferative activity of a stromal
cell culture derived from a biopsy of the human oral floor
mucosa using the Ki-67 marker. Additionally, to analyze the
dynamics of changes in the percentage of necrosis and different
types of apoptosis depending on the tested samples.

The following null hypotheses were formulated for this study:

1. Hoi: The use of different types of medical adhesives does not
have a statistically significant effect on the proliferative activity
of oral mucosal stromal cells, as measured by the Ki-67 marker.

2. Ho2: Different medical adhesives do not cause statistically
significant differences in the levels of apoptosis and necrosis in
the culture of oral mucosal stromal cells.

Materials and Methods.

Characteristics of the Investigated Materials:

The study included three types of medical adhesives that
differ in composition and manufacturer. Two of them were
cyanoacrylate-based (the domestically produced Sulfacrylate
and the imported Histoacryl), and one was based on an
aqueous solution of feracrylate (the domestically produced
Hemocompat). These adhesives are widely used in surgery;
however, their biocompatibility in the context of oral soft
tissue regeneration remains a topic of scientific interest.
The comparison was conducted considering their chemical
composition, form of release, and prevalence in clinical
practice. A detailed description of the adhesive compositions
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Table 1. Characteristics of the Investigated Adhesive Compositions.

Adhesive Manufacturer Composition Group
- Aqueous solution of feracrylate 1%
" o - Sodium alginate
Hemocompat IMI;SCOR‘gTRPSS;?;er-VIta ’ - Acetic acid (chemically pure) for pharmaceutical use, purity >99.85%  |Feracrylate
’ (GOST 61-75, GOST 2654-86)
- Distilled water for pharmaceutical use
- Ethyl ester of a-cyanoacrylic acid (responsible for polymerization upon
. - contact with aqueous media
Sulfacrylate LLC NTO MedL%n ’ - Butyl ester o(fl‘ acrylic acid zadds plasticity) Cyanoacrylate
Novosibirsk, Russia . .. . ..
- Methacrylate-3-oxysulphalan (provides antimicrobial activity and
promotes rapid wound healing)
Histoacryl B. Braun, Germany Monomer of n-butyl-2-cyanoacrylate Cyanoacrylate

is presented in Table 1. Each experimental condition, including
the control group (cells cultured without adhesive materials),
was represented by three independent biological replicates to
ensure data reliability.

Sample Preparation.

Each sample was prepared using a polycarboxylate plate with
a diameter of 2.5 mm and a thickness of 1 mm. A total of nine
samples were prepared—three for each of the tested adhesive
compositions. The application of the adhesive was performed
under sterile conditions, with the adhesive carefully distributed
in an even layer across the surface of the plates. The samples
were then left to dry completely at room temperature in a sterile
environment. Prior to biological testing, all samples were
subjected to UV irradiation for sterilization. No contamination
of the samples with bacteria, fungi, or other microorganisms
was observed.

Cell Model.

To assess the biocompatibility of the samples, a primary
culture of stromal cells from the hu-man oral floor mucosa
was used. Tissue collection was conducted in accordance with
ethical standards and after obtaining written informed consent
from the patient. Biopsy specimens were processed using a
standard enzymatic digestion method, followed by cultivation
in DMEM/F12 medium (Paneco, Russia) supplemented with
10% fetal calf serum (Capricorn Scientific, Germany) and 1%
antibiotic (penicillin-streptomycin, Paneco, Russia). The cells
were incubated at 37°C in a 5% CO-. atmosphere until the
required confluency was reached.

For the experiment, the cells were detached from the substrate
using a trypsin-EDTA solution, and their count and viability
were assessed using the Luna-fluo automated cell counter
(Logos Biosystems, USA). The cells were then seeded into
the wells of a 48-well plate, where the adhesive samples had
already been placed. A total of 30,000 viable cells in 500 puL of
medium were added to each well. After 48 hours of incubation,
further evaluation was performed.

Cell Viability Assessment (Annexin V-FITC/PI).

To assess the levels of apoptosis and necrosis, a standard
annexin-propidium iodide assay was used (Annexin V-FITC/
PI Apoptosis Detection Kit, Vazyme, China). After 24 hours of
incubation, the cells were detached from the substrate, washed
twice in phosphate-buffered saline by centrifugation (300 g, 5
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minutes), and resuspended in binding buffer at a concentration
of 1x10° cells/mL. Staining was performed strictly according
to the manufacturer’s instructions. The analysis was carried out
by flow cytometry using a MACSQuant 10 cytometer (Miltenyi
Bio-tec, Germany). Four cell populations were identified: viable
cells (Annexin V/PI"), early apoptotic cells (Annexin V'/
PI"), late apoptotic cells (Annexin V*/PI*), and necrotic cells
(Annexin V-/PI*).

Cell Proliferation Assessment (Ki-67).

To analyze proliferative activity, the Inside Stain Kit (Miltenyi
Biotec, Germany) was used in combination with monoclonal
antibodies against the nuclear proliferation marker Ki-67,
conjugated with the fluorochrome FITC. After incubation,
the cells were collected, fixed, permeabilized, and incubated
with the antibodies for 30-60 minutes in the dark at room
temperature. Following washing, the analysis was performed on
the same MACSQuant 10 flow cytometer. Gating was carried
out based on a comparative analysis of stained versus unstained
samples.

Microscopy.

Additionally, morphological evaluation of the cells was
performed using the ZOE inverted im-ager (Bio-Rad, USA).
Photographic documentation of the cellular state allowed
visualization of the degree of cell attachment, the presence
of spheroid structures, and overall cell morphology in each
experimental group.

Statistical Data Analysis.

All experimental data were analyzed using GraphPad Prism
9.0 software (GraphPad Software, USA). The Shapiro—Wilk
test was used to assess the normality of data distribution.
For normal-ly distributed data, intergroup comparisons were
performed using one-way ANOVA followed by Tukey’s post
hoc test for pairwise comparisons. In cases where the data
deviated from normality, non-parametric tests were applied
(e.g., Kruskal-Wallis test).

The results are presented as mean + standard deviation (M +
SD). A p-value of less than 0.05 was considered statistically
significant. Graphical representations of the data included
bar charts with indications of statistical significance between
groups. Each measurement was per-formed in at least three
biological replicates.
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Figure 2. Distribution of samples in a 12-well plate. A monolayer of cells without adhesive samples was used as the control.



Results.

Morphological Characterization of Cells After Incubation
with Adhesive Samples:

Microscopic examination using the ZOE Bio-Rad inverted
imager revealed pronounced differences in cell morphology and
adhesion between the experimental groups. During incubation
with samples from Group 1 (Hemocompat), the cells exhibited
a loss of adhesion capability and formed spheroid aggregates,
indicating unfavorable environmental conditions and potential
toxic effects of the adhesive. In Group 2 (Sulfacrylate),
localized areas of cell adhesion were observed; however,
a portion of the population also tended to form clusters. In
Group 3 (Histoacryl), the cells retained their typical elongated
morphology characteristic of stromal cells and were evenly
distributed across the substrate, which was comparable to the
control group (no adhesive application).

Cell Viability Assessment (Annexin V-FITC/PI).

Flow cytometry analysis of cell viability revealed statistically
significant differences among the groups in terms of necrosis
and apoptosis levels:

* Necrosis levels were highest in Group 1 (Hemocompat),
reaching 16.65%, which was statistically significantly higher
than in the other groups (p < 0.001). In Group 2 (Sul-facrylate)
and Group 3 (Histoacryl), the necrosis levels were 1.56% and
3.17%, respectively, while in the control group the value did not
exceed 1.32%.

* Apoptosis in Group 1 was characterized by elevated levels
of both early (10.45%) and late (17.4%) apoptosis, with a total
apoptotic index of 27.85%. In Group 3 (Histoacryl), the highest
level of early apoptosis was observed (44.48%), which may
indicate cellular stress while maintaining recovery potential.
Late apoptosis in this group was 3.75%, with a combined
total of 48.23%. In Group 2, total apoptosis reached 28.67%.
The control group showed minimal apoptosis values (1.41%),
confirming the preservation of cellular homeostasis in the
absence of adhesive materials.

Gating diagrams and quantitative bar charts are shown in
Figures 4 and 5, confirming statistically significant differences
between the groups (p < 0.001, ANOVA, Tukey’s test).

Assessment of Proliferative Activity via Ki-67 Marker.

Cell proliferative activity was assessed using staining for the
nuclear marker Ki-67 followed by flow cytometric analysis.
In the control group, the proportion of Ki-67-positive cells
was the highest and served as the reference value. In Group 1
(Hemocompat), a statistically significant reduction in Ki-67-
positive cells was observed (p < 0.001), indicating suppressed
proliferative activity, most likely due to the cytotoxic effect of
the adhesive. In Groups 2 and 3 (Sul-facrylate and Histoacryl),
a reduction in Ki-67 levels was also noted, although it did not
reach statistical significance compared to the control. These
findings are illustrated in Figures 6 and 7 and Table 2.

Thus, based on the obtained data, it can be concluded that
the feracrylate-based adhesive exhibited the most pronounced
cytotoxic effect, manifested in reduced proliferation,
increased apoptosis and necrosis levels, and impaired cell
morphology. In contrast, cyanoacrylate-based adhesives—
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especially the imported Histoacryl—demonstrated satisfactory
biocompatibility under the conditions of this experiment.

Discussion.

The obtained results indicate a pronounced variability in the
cytotoxic properties of the investigated adhesive compositions.
Samples from Group 1 (Hemocompat, based on feracrylate)
showed the most significant reduction in cell proliferative
activity, as evidenced by both morphological changes and
a decrease in Ki-67 marker expression. This suggests that
feracrylate-based adhesive exerts a suppressive effect on the
regenerative potential of stromal cells.

In contrast, cyanoacrylate-based adhesives (particularly
Histoacryl) demonstrated the most bio-compatible behavior
toward the cell culture, maintaining typical morphology and a
high per-centage of Ki-67-positive cells. These findings support
their potential suitability for use as wound dressings in dental
surgical practice.

Comparative analysis of apoptosis and necrosis levels
revealed statistically significant differences between the groups,
particularly regarding late apoptosis and necrotic cell death. The
highest levels of these processes were observed in response to
the feracrylate-based adhesive, suggesting that it may be a less
favorable material for use in sensitive areas of the oral mucosa.

In this study, two null hypotheses were tested. The first null
hypothesis (Hoi)—that the tested adhesives have no effect on
the proliferative activity of stromal cells—was rejected, as
a statistically significant decrease in Ki-67 expression was
observed in the feracrylate group (p < 0.001). The second
hypothesis (Ho2)—that the levels of apoptosis and necrosis
are equal across all groups—was also rejected due to the
identification of statistically significant differences among
groups (ANOVA, p <0.001).

The obtained data align with the findings with the demonstration
that n-butyl cyanoacrylate-based adhesives exhibit lower
cytotoxicity compared to acrylic-based alternatives when
in contact with gingival mesenchymal cells [9]. Similar
conclusions were reported with improved biocompatibility of
n-butyl cyanoacrylate in soft tissue applications, particularly in
periodontal and mucogingival procedures [10].

A comparable trend was described with the conduction in
vitro testing on osteoblast-like cells and found that ethyl-
cyanoacrylate used within a therapeutic dosage did not impair
cellular proliferation, although it induced transient early
apoptosis without progression to necrosis [11]. These results are
consistent with the findings observed in Group 3 of our study.
Furthermore, prior work confirmed that short-term exposure
to ethyl-cyanoacrylate activates controlled apoptotic pathways
while maintaining overall cell viability in bone-derived cell
cultures [12].

Animportant observation is thatthe high level of early apoptosis
identified with the use of His-toacryl was not accompanied by
an increase in the necrotic cell population. This may indicate
a cellular stress response followed by recovery in the absence
of aggressive cytotoxic damage. A similar mechanism was
described by Choi et al. [13], who assessed cellular responses
to aldehyde-based surgical adhesives. Moreover, Miki et al.
[14] reported comparable findings, suggesting that transient



Table 2. Summary of Statistical Results of Proliferation (Ki-67), Apoptosis, and Necrosis Assessment. p-values were determined by ANOVA

followed by Tukey’s post hoc test. Different super-script letters indicate statistically significant differences (p<0.05) between groups.

Control

824+3.1"a 1.32+0.15"a 0.92+0.11"a 0.49 + 0.08"a 1.41 £0.19%a
Hemocompat 45.7+4.5"b 16.65+1.23"b 1 10.45+0.89"b 17.40 £ 1.21"b 27.85+2.10"b
Sulfacrylate 71.2+2.7%a 1.56 £0.17"%a 16.12 + 1.05%c 12.55+0.77"c 28.67 + 1.35"b,c
Histoacryl 749 +£3.2%a 3.17+0.22"a 44.48 £2.12d 3.75+0.41%a 48.23 £2.05°d

Figure 3. Microscopy of cells after 24-hour incubation with adhesive samples. 1 — Hemocompat, 2 — Histoacryl, 3 — Sulfacrylate, 4 — Control.
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Figure 4. Flow cytometry gating strategy for apoptosis and necrosis assessment.

Representative gating strategy using Hemocompat-treated cells: (A) total cell population gate; (B) gating of single-cell events; (C) apoptosis and
necrosis analysis identifying populations: QI — necrotic cells (Annexin V/PI'), Q2 — late apoptotic cells (Annexin V'/PI*), Q3 — early apoptotic
cells (Annexin V*/PI'), and Q4 — viable cells (Annexin V/PI').”
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Assessment of Necrosis and Apoptosis
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Figure 5. Assessment of necrosis and apoptosis in the tested samples.
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Figure 7. Ki-67 marker staining histogram for Group 1 sample.

apoptotic signalling without necrosis may represent an adaptive
response to moderate chemical stress in mucosal tissues.

On the other hand, the data obtained for the Hemocompat
adhesive are consistent with the findings of Li et al. [15], who
demonstrated that feracrylate-containing materials induce both
apoptotic and necrotic death of oral epithelial cells. This effect
was attributed to the generation of free radicals and disruption of
mitochondrial homeostasis. Similar observations were made by
Kim et al. [16], who identified oxidative stress as a key mediator
of cytotoxicity in oral epithelial cells exposed to polymer-based
hemostatic agents.

The morphological data obtained through microscopy confirm
the quantitative findings of flow cytometry [25,26]: cells
exposed to a feracrylate-containing medium lose their ability to
ad-here. In vivo, this may lead to impaired epithelialization and
delayed healing of the donor site. Similar inhibitory effects on
cell adhesion and migration have been reported for feracrylate-
based materials in several studies, including those by Park et
al. [17] and Morita et al. [18], emphasizing their potential to
interfere with tissue regeneration.

Particular attention should be given to the clinical application
of cyanoacrylate adhesives in surgical dentistry. Studies by
Kazancioglu et al. and Pogrel et al. [19] confirm that the use
of n-butyl cyanoacrylate-based adhesives reduces healing time,
alleviates pain, and does not exert a suppressive effect on local
tissue proliferation. Furthermore, a randomized clinical trial
by Cavalcante et al. [20] demonstrated favorable outcomes in
terms of wound closure and patient comfort when cyanoacrylate
adhesives were used following periodontal surgery.

However, despite the positive data obtained for cyanoacrylate-
based adhesives, it is important to consider the dose-dependent
nature of their effects. An increase in concentration, volume, or
repeated application may trigger cellular stress responses. This
underscores the importance of adhering to application protocols
and the necessity for standardization of adhesive volume in
clinical settings [21,22].
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Thus, the obtained results support the conclusion of high
biocompatibility of cyanoacrylate adhesives—particularly the
imported product Histoacryl—and the limited applicability
of feracrylate-containing compositions in the context of open
oral mucosal wounds. The rejection of both null hypotheses
confirms the significant influence of adhesive materials on
cellular physiology, which must be carefully considered when
selecting products for surgical dental procedures [23,24].

Conclusion.

The conducted study demonstrated significant differences
in the biocompatibility of medical adhesives used in surgical
dentistry when interacting with a culture of human oral mucosal
stromal cells. The feracrylate-based adhesive (Hemocompat)
exhibited the most pronounced cytotoxic effects, including a
statistically significant reduction in cellular proliferative activity
(as indicated by Ki-67 levels), increased levels of both early
and late apoptosis, and a high level of necrosis. These findings
suggest limited clinical applicability of this material, particularly
in procedures involving donor sites of the oral mucosa.

Cyanoacrylate-based adhesives (Sulfacrylate and Histoacryl)
demonstrated significantly higher levels of biocompatibility. In
particular, the imported product Histoacryl provided the most
favorable results in terms of cell morphology, minimal signs
of necrosis, and stable proliferative activity comparable to the
control group. This supports its consideration as a preferred
material for wound coverage in oral mucosal applications.

Both null hypotheses proposed in this study were rejected.
Statistically significant differences were observed among the
tested adhesives in terms of proliferation (Ki-67), as well as
apoptosis and necrosis levels, indicating varying degrees of
impact on cellular physiology.

Clinical Relevance and Study Limitations.

The clinical significance of this study lies in its potential to
support a more informed selection of adhesive materials during
soft tissue procedures in the oral cavity, particularly in the



harvesting of free gingival grafts. Biocompatibility and minimal
cytotoxicity of the adhesive are directly associated with the
speed and quality of tissue regeneration.

Study limitations include:

e The exclusive use of an in vitro model, which does not
account for the complex micro-environment of inflammation,
microbiota, and mechanical forces present in the oral cavity.

* The use of only one cell type (stromal cells), without
evaluating the effects on epithelial cells, fibroblasts, or immune
cells.

* A limited sample size and number of tested adhesive
compositions (three materials).

* A short observation period—analysis was conducted within
24-48 hours, without monitoring delayed or long-term effects.

In the future, extended in vivo studies are planned using
animal models and/or clinical cases, along with the analysis of
additional biomarkers of cellular activity and tissue healing.
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AHAJIN3 BUOMAPKEPA MNPOJIN®EPALINN
KYJbTYPBI CTPOMAJIBHBIX KJIETOK TIIPH
HNCIIOJb30BAHNN MEJUIINHCKUX KJIEEB

Xab6amze 3.C, bakaes 10.A, Mopaanos O.C, JloxonunHa
A.B, UBuna A.A, banasop ®.B, YmapoB A.IO, Bexou
Axman, Kakadanze 9.M, lamrueBa M.IO.

AHHOTAIIUA

BBenenne. MenuuuMHCKHE K€M aKTUBHO MPUMEHSAIOTCS B
XUPYPTUYECKON CTOMATOJIOTHH, B TOM UHCIE JUIS MOKPBITHS
JOHOPCKUX 30H Tocjie 3abopa JECHEBBIX TPAHCIJIAHTATOB.
OpHako WX IHUTOTOKCHYECKHE CBOWCTBA U BIMSIHHE Ha
posuQepaTUBHY0 aKTHBHOCTh TKAHEW OCTAIOTCS MPEIMETOM
HAy4YHBIX 00CYXICHUI.

Heab. O1ieHNTh BIMSHUE PA3IMYHBIX KICEBBIX KOMIO3HMILIUI
Ha MpOJU(EpPaTUBHYIO AaKTUBHOCTh CTPOMAJIBHBIX KIETOK
CIIM3UCTONH OOOJIOUKHM TIOJIOCTH PTa dYEJIOBEKa METOAOM
okpammBanuss Ha Ki-67, a Takke NpoOaHaIN3UPOBATH
aTIONTOTHYECKUE U HEKPOTHYECKHE U3MEHEHHSI.

Martepuansl U MeTOAbl. B uccienoBaHue BKJIIOYEHBI TPU
TUIIA MEAMLIMHCKUX KJeeB: ¢epakpma (I'eMoxoMmaxr),
oTeuyecTBeHHbI nuaHakpunat (Cynb(akpuiaT) 1 IMIIOPTHBII
nuanakpwiat (I'mcroakpmn). Kien HaHoCWIIM Ha CTepUIIbHBIS
HOJIMKAapOOKCHIIATHBIE IUIACTHUHBI, K KOTOPHIM MOJICEBAIIN
CTpOMaJbHble KIETKH dYenoBeka. Yepes 2448 wacos
MHKYOaIMy MpOBOIMIN MOP(OIOTHYECKYIO OIICHKY, aHAaIHu3
amomnTo3a M HEKpo3a ¢ wucmoib3oBanueM Annexin V-FITC/
PI u onpenenenue skcrpeccun Ki-67 MeTomoM NpoTOYHON
nuToMeTpun. Ctatuctudeckas oopadboTka Bkimtouana ANOVA
¥ mocT-X0K TecT Thioku (p<0,05).

PesyabtaTel. OOpa3msl ¢ depakpuiioM — MOKa3alu
HanOOJIBIIYI0 ITUTOTOKCHYHOCTD: BBICOKMH YPOBEHb HEKpO3a
(16,65%) u cumxkenune Ki-67 (p<0,001). llmanakpunatHbie
Kien obecnieunBaiu Oosee  OJAaronpusTHBIA — IPOdUIL
OMOCOBMECTUMOCTH: I'ucroakpun JIEMOHCTPUPOBAJI
MHUHHMMAaJIBHBIA YPOBEHb HEKPO3a U HANOOIBIIYIO COXPAaHHOCTh
Mopdosorun kinetok. O0e HyIeBbIe TUIIOTE3bI OBLTH OTKIIOHEHBI.

BeiBoa. Kiem Ha ocHOBe IIMaHAKpPHIATOB, OCOOCHHO
UMIIOPTHOTO TIPOM3BOJICTBA, SBJSIOTCSA Oojiee Oe30macHBIMU
JUIsl UCIIOJIb30BAaHUS B 30HAX IOBBIIICHHON pEreHepaTUBHOU
akTuBHOCTH. Kieii Ha ocHoBe ¢epakpuiaa OrpaHudYeH B
IPUMEHEHUH WU3-32 BBICOKOTO ITMTOTOKCHYECKOTO JEHCTBHS.
[lomyueHnble naHHBIE OOOCHOBBIBAIOT BBIOOP  KJIEEBBIX
MaTepHaJIOB MPU MIATKOTKAHEBBIX BMEIIATEIBCTBAX.

KaroueBsie cioBa: Ki-67, MeMIIMHCKHE KJIeH, CTPOMAaJIbHbIC

KJIETKH,  anonto3,  mponudepaunus,  LOUTOTOKCHYHOCTb,
IPOTOYHAs LIUTOMETPHSL.
M9bowmdg
1539©0E0bM{JdMIGIOMLEHO0TYOMHGOLEOMBoEOHO
IXOIQIOOL 3OO 3OMOBIOFOILO
30030 3gM0L sbsgrobo

65

bod5dg B. U, 0535930 049.5, 3566M30 M. s, @b®bobs ».
3, 03005 5. 5, 35Q5M30 §. 3, ©9F5MM30 5. 0, 39300 53050,
39350509 9. 9, 5830935 0. 0.

bm@oios

d9L535¢0. LsdgoEEbM §9dMmgdo FsMmm gsdmoyqbads
JoOHMMaomw  LBEAMIsGHMWMyosdo,  Fom  ImOoU,
©HJogdol GHMIbLEWIBESEHOL s0gdols 9909y mbmMol
Dmboll  obGIMs©. MIEs, Fsmo  3oFMGHMILoWGOO
®30L90900 @S 393965 Jumz0EOl IOMEOFIMHFOVIC
3JBHogmdsBg  33weg  MRgds  LydgEbogdm  gsbboengol
Logboo.

doBsbo.  Ubgsolbgs  fgdmgsbo  3m33mbBoiogdol
2493960l gx35L90s 5@530560L 3060l VML WMmEHm3zs60
39OLOL  BEGHOMIsMO  MRMYEIdDY, Ki-67 o6 3gMHol
459mygbgdom, 91939 93M3GHMBYOO s 673OMBYwo
(33€0g0930L 965¢0Bo.

Bsbowgdo s FgomEgdo. gsdm3zzwg3sdo  JgomEs
bsdag9M0s60  §gdm:  BgIM3Mowol  (390m3ma3sd@o),

5QR0WMOM0O30 fom3magdols 309653M0WsE0
(LYBIIOOWIEHO) ©S  0I3MOGHWO (30965300
(30LBHMO3MOE0).  Fgdmgdo  0bobgdms  LEgHoE©
3m03500mJLosGHMM  B0OR0EHIRDY,  OMIgdbY;
00gLgdMmEs  5Qsd0sbols  LEHMMBse GO X M)YOO.
24-48  ULossmosbo 06399053008 9909y Po@IMIS
InOHBMMy0©Ho Jgi3eligds, Annexin V-FITC/PI @gbGoom
33m3GHMmbBoby s Bg3BMBoL  sboewrobo, slggg Ki-67-
ol 9dudMgbools  AsBLEBEIGS  3BMEHMIBOGHMIYEHOOOL
0900m©om.  LASGHOLGHOZMOO  bowobo  BMmOEI3S
ANOVA-b ©5 $o30L 30bH-3m3 GabL (p<0.05).
090092900. §gMS3MH0ol Xamxds sB3zgbs  MPosmerglio
3OGHMEMJL03MOMBs: 6930:MBOL oo mbg (16.65%)
9 Ki-67-0b 300995 (p<0.001). 30565300s@nMo §gdmgdo
259m0Mmbgmebab 3909L0 00M39053L9dSPMBOM;
30bGH™Mo3Mowds  sB39bs  dobodogmydo  Byzmmbo o
MR 09900l IMOFBMEMQ00L Jodlodowrw®mo 9bsehmbgds.
®6039 673560 303mmgbs MoMymaowo odbs.
©o133bs. (30965300 BHOL  Logmdzgabg  dgddboero
090mgdo, @obLogMmOmgdom  0I3MOEGHWwo  [FoMdmgdol,
MO MBOBOOBMS Josero MRgbgM(30w0 59EH03MmdOL
Dmbgddo 958mboygbgdwrs®. BgMs3MHowol bog3madzguHy
©a0bsgdwo  {jgdmgdo  gbenErwos  3wobozn®
499mygbgdsdo  dsmo  Fomoero  30GMGHMILOZNOMdOL
2459m. 800qdmero dmbs3gdgdo bgwl Mfymdl Hgdmgsbo
BsLorgdol  LfimMo  dgmbg3zsl  Mdowo  Jumgowols
JoOHMMHA0Me Bo(g39dd0.

153356dm  Lo@yggdo: Ki-67, ULsdgoiobm  §gdmgdo,
UGHOMISWMO0 MXHJIO0, 530M3GMDBO, 3OMEOGBIMHSG0,
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